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ABSTRACT

A study has been made of the factors that affect or bring about the

,:rrosion of the zinc electrode in a silver-zinc-al.kali cell. Cells

containing 30% potassium hydroxide as electrolyte were used and kept at room

temperature. Special attention was centered on open circuit or stand conditions..

This corrosion is affected primarily by oxygen and by dissolved silver oxiddes.

INTR O1DCTION

Although the so-called silver-zinc-alkali cell has been produce-d for a

relatively short time its applications are imrreasing and it Is becoming a

rather widely use system. It is now being marketed as a secondary cell having

a fairly good life. It is especially remarkable that these advances and

developments have been made without a thorough understanding of the mechanism

of the electrode reactions. Relatively little work of a miore or less theoretical

or fundamental nature has been reported on this system.

In a previous report (1) it was noted that the anodic dissolution of zinc

in potassium hydroxide solutions proceeds in two steps. However, when this

reaction takes place in a silver cell the mechanism is undoubtedly more complex

since there is then the additional complicating factor of the presence of the

silver oxides. It was the purpose of this study to investigate the effect of'

silver oxides and other factors on this anodic zinc process.

The effect of the silver oxides on the anodic dissolution of zinc in

potassium hydroxide solutions is especially obvious when one studies the relatios..

ship of this process to Faraday's laws. Twoe solutions, 15% and 30% potassumu

hydroxide were used as the electrolyte in cells contain-ing zinc anodes and

nick*l screen cathodes. Twoe silver coulameter-s were connected in ser3.es rt9th

these cells and a =03l current density was used for about two bours. Com-'aring



the amount of zinc oxidized (dissolved) with that prescribed by Faraday's laws,

there were deviations of 44% and +0.1%. iW'ben a similar test was made on a cell

containing a silver oxide eathode in plade of the nickel screen, and 30% potassium

hydroxide as the electrolyte, the deviation was +93%, i.e., the loss of zinc was

about twice as great as that expected from Faraday's laws. A good deS2 of this

loss was due to the fact that during passage of current a heavy coating of

snongy material formed on the anode (zinc) and fell off when the electrode was

removed from the solution. This latter fact, aside from the deviation from

Faraday's laws, promted a further investigation of this process or phenomenom.

A simi4ar phenomenon was produced under open circuit conditions and X-ray

wnalysis shov:ed that the .spongy metallic product was the same in each case.

Therefore an attempt was made to deCrmine the origin and nature of this deposit.

This wras dine by using only open circuit conditions.

Samples of zinc sheet, better that 99.9% pure, furnished by the New Jersey

Zinc Sales Co., were Lu-t into strips abiut 1 c=. wide. These were degreasad

and then treated briefly with diluted hydrochloric acid. In some cases such

a zinc electrode, together with another electrode made by pasting silver oxide

on a silver screen. was placed in a large test tube =tonaining about 3D ml. of

30% potassiu bydrxide solution. The electrodes were electrically insulated

from eAch other. After being in the cell for twentýy four hours, the zinc was

withdrawn, briefly irmersed in 6 H acetic acid, than in distilled vter, in

ethanol, and finally in acetone. Following this the electrode was dried by heating

for a short while. Each ram vas carried out in a constant tenperature bath held

at 25 t O.10C. The loss of rnin was determined by the differwnoe in veight.

The surface area of the imrsed zinc was about 10 sq. cm. In soe 2Y-rs the
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silver oxide electrode was omitted, and in others a smaller test tube and a smaller

volume of electrolyte were used. X-ray diffraction patterns were obtained by the

use of copper radiation with a nickel foil filter.

It soon became apparent that even on open circuit several factors were

involved in the corro•:on of the zinc. When cells were assembled using silver

oxide, the zinc shet-t, and 30% potassium hydroxide solution, the zinc electrode

always became covered with a dark black film. This film had a velvety appear-

ance when viewed -ith a microscope. A black fMlz is sometimes noted on the zinc

electrodes after a discharge and then it is often due to a form of zinc oxizde (1).

In this case, however, the black film did not appear to be the zinc oxide. It

did contain varying, but appreciable, amounts of silver or lks oxi'es. This

was noted by dissolving a portion of the electrode in nitric acid and then

adding hydrochloric acid to precipitate the silver as the chloride. .-ray

diffraction patterns obtained fro this film contained the lines due to zinc,

but there were other additional lines as well, particularly at about 2.25 and

2.15A. These extra lines were found in aJ.1 such saiqples. Futhenutre, these

same lines were found in the spnany material that peeled off the zinc electrode

when it was removed frum the solution after having received a tweenty four hour

anodic treate . They were also produced by the dark colored film that fona

on the zinc shortly after the discharge of a silver oxide-zinc-alkali cell is

begun, These two lines are not due to silver or its oxides. The inxiications

then, re that althoikh silver or its oxides were found on the zinc electrode.

theý, -.re not pr'ýsent in appreciable- qantities as metallic silver or oxides of

silver.. This klack film was formed only when the silver oxide ws present in

the cell, not when zinc alote ims iemrsed in the potassium ydroxie solutions.

Thus the silver oxide electrod* is in so m er related to this film on the

"-N-
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.aLr zinc. Thieethe eff~ects of oth-er conditicrm,, vex* alst stLi.jraie.

-able I gives a suwra of the revults obairAe~d. Co1mm 2 =d~imt+_s the

ccoitions zinder w1tIcb Eac)k z- w-s me. :n. somenj nD lejetrcd o, silver

oxide was present. buit rathe~r svim silver oxide powdier vas placed a, --be tert

tube Witk2 the electrolyte and~ t!& zinc was placed on glass beads =n the

bottom of the test tube. This is indicated in colasm 3. In -cther cases the

zinc specinen IALS given a sliver ocat~ing by -i~ it in a 5z.aver nitrate~

solution, before it 'was asseubled in tbe call. T-fis is indiuated in Col~m 5.

Wumn 7 refers to trA natime of the zoatdmg forrud am t-be zint ecmn

- ~From these results several concluslzrA can be draw~ as to the o~ur f

the prooms tak.in pl.ace. F-irst, of' all it appeam thet =zader the on±te

prevailing =n tbese experinmts the axict of electsvolyte had but litttle t~ffeet,

sew rms 17 and21.

Si, A ficaut, factor is oVgen, either dissolved in he'.C)trolyte. Cr

prestit in the atasptre above the electrvlyte. There is no~* that s~c

awbge affects the corrsion of =anc. Zo tbese emprimets- ~t~e woosi-ts.o

zMnc adidwe re sontim~s forned at tka eloctrolite su~rfaz'e.. This cioe :-s

soluba* in ;Otassiw k~d7VOide sclixtUM aei sm=. oide formatio rzI'fem

nv Pmrotamin against corrosion. The effect of ozWgec is noted ty coqparit

rmW I with 3 an 2 vmitb 4. In eac pair all the oanitiaw mom a&Ik ezoept

for the bubz" of air tilrau the electzoayte. Hmwer. mbe zi r inas

not bube tkxwg the soiutuic the effect of oxygen could be =tad. Ccim

Pinrison of iMS 4. vith 5.* ID with 11., and 23 vith 1t.Ma, - tba eff&-t of

dissolved apga. 1r 55, 22 . an 13, the eolctro3Jyte vas zxt

C~eqm~.disslved oqgC~ be alr~a*r bow ciaotmm. CaWr-zg --base

with atharwise ident1.e2 rms it is soo that each~ cazso t* =2rwoi=e xf



FAMct•JIS ONMPUMING TO T39 CO0RSION OF ZI1I IN 30% MOR AT 2SC,

s-lveri? oxld slver , ulto lt s o lorpowder in ox146 oosalAg or SL no of

Nov Condjlc~nSOe1..tz'yte eleetrode os sine -in X, flm

b, g z 5 black

70 bo blaok

black

10~ ~~~ 2AZd 31 1 1h

black12 4•• X ellgb

11 X 3 light
black

R. d: h elear15 as g cl6ears

16 h ~39 ceasr
17 h4.3 1clear
18 b. 8 clea
19 0, 31 elear
20 d:h 6 ! olesr
21 g _3 olear

the various esoeitlons aroe
a- air bubbled through eeotroayte thJrghout expe-riment.
b- Altrog#U bubble4 through electrolyte througtout experlsent.
0- ele•trolyto • tuiZate0 w •th zinc oxide.
d- sino ooupletely submewv., I.., so %atop Ilne' effect,
o- ololreetly$o oontalae 0,, 2% hydrope~w perwudo,
1'- eoeotolyte wa sot fre but ld Just been used for another rua.

}0 21,T eolsrt6"lyte used.
Sal, of oloOtolfye 646.
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zinc was cciisiderably less with the oxygmdef-,.civnt !2 ctrcX1te. liVa

trae whiether silver oxidel -As present or niot.

Still. another evidence -for this is found b'y campurlng runs; 17 an ZO. Lh

20 the zinc -As ceomletely -- '~rzed wberwas im 17 part --T the zinn -kE;=

of the electrolyte. Mhe zinc -ws attacked to a greater oxtýt = tte ia~tter

casse wbere atmospheric oxygen as vel as dissolve za'gen -was av f:=l~T

reactioun. Furthenwzw, in ru 2 nitrogen was bubbed ti--g tt* ecetmlfte

thUS rauviMi the 031769n. 1:16M aASIZ the uei~t IASs Of zInc 7AS lessZ t i

rm~a.

Thus the oi~'gan does attack the zinc. 7he necawf~ of tzks -

proaby vrlesloa. cll cocntaining zin and asnn alectxvts. 2-aen e*

the oxygen transforms the sane to zin caxde or ±27droxini viih thw nliszim-s

in the potassiiin 1qdroxide so2.utirm. If this; is t-he Asa-zswe zf tne ;:rovss.

then If the elnetrolyte Viro s3aturatAC with icOxide tne o=.dati-M =01Moot of

the zinc would not dissolve zz reatilyj and vas produ~ct, i&ht tkom offer soe

pm'tectica to tne rveining zioic. r-x ?c sa-vari4te -irat ~n

c~d vas nsd im the atta* on zinc max dafnit*4j less tiwza !m I. 7M

botha thse rens air ir-s ba~hnc t-~es the electroly'te.. fa e

effect of oxygen. a~bre this was not, dam t±h- --ffot cf -Inc ozids-uat-rated

Potassium -1drexid vas n200b] , e.g.. * .s 3 an 4. --=a IS and

Am wwa. moo certain conitions pasing air thrvý the t e

saft vez7 little differsa. In run Z5 the lose In ve±g± of zinc was zacwt

the amas that in ran 22.. 7his sW inc~ate that the ~gnattack !Lr ze-xxlý-y

by the dissol.ved aqpgm. Mehis f-4o m w hve bm nor -r,xwrywcedu if 4-n

'en bad **&aawd log- .

3mga attadw ad .srisis the allm .. etzvd. hat this attadc by Its"~



does not produce the black film referred to earlier. Silver oxide is necessary

for this and it produces the black film even in the absence of oxygen, run 6.

Thus the actions of oxygen and of silver oxide are different, but they often

occur simultaneously.

The effect of silver oxide electrodes on the corrosion of zinc is readily

seen bV comparing runs 1 with 15; 3 with 21; and 6 with 18. In each case the

corrosion of zinc was greater in the presence of the silver oxide electrodes.

The difference was not the sat a in each of toese three cases. The reasons for

this are: (a) The weight loss is not accurate in each case since, especially

in run 1, a Lirge amount of spongy metallic vterial was formed which fell off

when the electrode was removed; (b) In some cases the electrolyte was agitated

with air or with nitrogen. When no agitation was used, runs 3 and 21, the

difference was significant but not large. .Ihen the electrolyte was agitated

by bubbling nitrogen through it, the corrosion loss of zinc due to the presence

of silver oxide electrodes was greater, runs 6 and 18. In each case tbe zinc

received a velvety black coating or a spong metallic deposit.

An explanation for this phenomenon involves the ready dissolution of s3l•r

oxide in potassium hydroxide solutions. This is shown on Figure 1. Small

amounts of silver oxide were placed in stoapred flasks containing 25I potaxss4 m

Iidroxide solution. Thes mixtures wete kept at room temperature, shaken

occasionalW. an from time to tim sale were witidram.. filtered thraqh

glass wool, and analyed for silver bl titrating potmntiontrically with a

potassim iodid solution. The results shm that the silver oxide dissolves

rapidly in potassim Wyrode soutins. "shen sine was aied to these solutions

the dissolved silver was see rather rapidly.

quit likely than, the silver oxide from tU electroe dissolves in the

potassium Wraxl& electrolyte. this dissolved silver readcs the Minm

°NOW.



electrode it reacts vith the zinc and precipitates there, the reict~cn

prob-bly being

2 Ag(CE)ý - Zn -- 3 Zn(OH) 2  2 g 2 2 C, r (II)

Zn(oH) 2 - 2 Ir -- • •)j - (TiT)

This mechanism accounts for th•e presence of silver found in the black _Mi

or raetallic deposit on the zinc specimens. It also acocunts for the e-ffect of

3gi tation. e.g.., c*oparing r-m 3 with 6 -"were no oxYgen was present bat the

solution was agitated with nitrogen. This agitzation hastens the diufzisicn of

ail'er oxide to the zinc specimen and thus reaction (II) takes place more

rupl:niy. Comarison of run 4 itbh 7 supports this hypothesis.

?u-rter support for this nechanism is found in the fact that th• ap'pear=ce

of the d"* film sn the zinc when the sllver-zinc cell is discharged is zmor-

rapid as the temperature increqses and as the concehtration of the potassiu

ktroxide. increases. Increasing the t erature muild Increase the solub-42-ity

of silver oxide ana A.I.She rate of dif-fsion of dissolved ions. Me solublldty

of silver oxide also increases with increasing IIdroxy ion owncentraticn (2).

'Abn a little silver oxide vas addeod to the electrolyte in tbe absence cf

silver oxide electrodes, the effect was slight. rans 9 2nd 10. This was

im=knAtiFdy due to the fact that the silver oxide rvsted cn the bcttm af the

t*st t'be "'ýith the zinc speci,.an suspended above it. in =as case the dissilvad

silver oxide would lae ha to diffuse upaud. 7Tat sm of it did was sh--mn

bW the ;%ct that the zine ild bmon covered with i, lIght black Mia. This ý.

Iwavle t at tUe bottom -f the electro".

Th7 dissolved silver oxide is lirgl4 in the fom of a negative i-1.

Therefore. it is obviouas tbat roactimon (II) will be hastened during tt JIiscr--rge

caf the cu1. sLnc then the zim funetions as the anode. The silhyr !:-.s will

-3-
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then migrate more rapidly to the zinc. For this reason too the sbam kind of

film is formed on the zinc during discharge of the cell as during stand.

There still remains the question of the origin of the songy eta c

deposit on the zinc, especially in run 1. As has been noted, this deposit

contained silver bttno silver lines were found in the X-ray pattern. instead

there were zinc lines plus others. A possible mechanism for this phenomenon is

given below.

!hen reaction (II) takes place it may do so only at certain sites in the

zinc lattice. The reduce silver ton then replaces the oxidized zinc atom.
s~lver

This gives the ordinary0lattice with silver atoms s-'wtituted for zinc atoms at

certain points. Tlw -result is a solid solution of silver in zinc. IwW stilies

have been made of the silver-zinc system. Of particular hemp is the work. of

Westgren and Phragmen (3). Ovien and Pickup~ (4). and Chien and Idmumds (5), where

the zinc-rich pbhem -ft 419sf* ed; Wevtgx'ei-nd -.Phra• i give much informtion

on- the X-ray patterns of this system. The designation of the various phases

differs so such phases will be designated here by composition.

Cn Figure 2 are given the X-ray lines for zin, sa silver-zinc alloys or

solid solutions. and for a representative film obtaied in our mork. Cqmaring

these patterns, it appears that the black film on the aine specimens consists of

zinc plus some silver-zinm solid solution kaving a copsitiom varyz-- from

50 tp 80% zinc. The lines in Figure I-b wary semewhat with Lhe ammMt of zinc

present (3). The region 51 to 60% aim consists of a edxture of the two phases

represented in Figues Ill-b anW 11-c (4). These L-4W data -mad swart. then0

to the Iypothesis that *cn the iseolvei svlver oxid reacts vith the '.inc, a

solid solution of silver in zinc is formod on the surface of thIs zinc.

Futhermor*, with this IWpotbhesis am also &s an exqlanstLon for toe spCy,

met-IlliA deposit food on the si edemm In efw of the te. .1 -j I beent

-96I



oftte sverr-zinc solutivn lowers the actIvIty ýaf t!& zinz trjIb- eaeetroze at

that site.' The- votentia, of thea dissobat~a2 vf zirm,, -=~tim (--'. i~z.-Lz tha

be great -. ug to cau-se rvsactim* k'i) tz tzke ---Lake At --bee~ -

7m 4 (a 1) ' :--wqTh ta<) 2, e~

A*D studied a sinilar rkeamem, iz acid sol~tlos. The~y sz-gg-teu t!-zt tle5=2f

solutioun is less ariodic tkzn Lim~ n c the so11d Canit" he

b7 the MW of zinc itself.

Mhere i- also ote.r -veism that metaK,2c -ixra c s zot arm-zLr

in this V 3m zuzx -was ceered iaxt!! silver before belr4;sz- z z the

cell, rz " . 13. =a 14, there -. s :!- incetas-e In ccorcsrizc (ccupare witb

r~20) but there as mo isible f!i)- =~ the zinc. fttherrmre. -utemm ? silver

electrode and a zii speciinc wame electrical-Sy cowr~cted iX- F- 3'-fzts-m

I~ftoxjIde solratý.zi the zinc dissolerd an kwdrcgee -As ewalvvd. ~ sy:

first, on tba silver but after twenty fo-R hb,-s no == apeare Eil e

electrode. 7er-action probably was

Zo *- 2 HZP --- '.7zýCE) 2 + F2  XIr)

Two rms jiere also mae to test t-n elf ect i:! ±rZteres*az-Z.ýi

carrosiz of zinc. The ;r-mo f the pcrozy1 im izncases the z~c

zim consinerably -ab W-var oxide is npwsemt. see* rms 3 &= Zn-- the bm--is

Or the dyn.%ac co-asidr-ratIms tr~e be.1 expce zince e fr.-*

de~r-- s for r~e-eactn (VUi) is 2heat 25 kcal. gei~ter t~am fL'? rrieti= ý'--!

2C_ +g~ 2 Zn - 2 E.13 -JP AC - '.=
a. A..



However, the mechanism is likely not as simple as indicated.

In the absence of silver oxide, the effect of hydrogen peroxide is less,

see runs 17 and 19. In fact, the presence of the peroxyl ion seems to redue.

the corrosive loss of zinc. The effect, however, is small.

SUMMARY

In a silver-zinc-alkali cell theinc electrode is attacked and oxidized

by oxygen. 1U'hen no diaphrag, is present to reduce or eliminate diffusion,

dissolved silver oxide migrates to the zinc ele ctzrode where it is reduced and

forms a solid solution with the zinc, or else is deposited as such. This enables

zinc or silver-zinc solid sulution to precipitate from the electrolyte in a

spongy form on the zinc electrode during open circuit conditions.
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